Abstract
Introduction
The term osteonecrosis of the jaw (ONJ) was introduced by Marx in 2003 and a year later by Ruggiero [1, 2] . Cases of spontaneous appearance have been described, even their frequency was still unknown [3] . ONJ is a rare treatment related side effect by antiresorptive drugs. At low doses, the bisphosphonates (BPs) osteoporosis treatment shows a very low risk (1:10,000-100,000), both high powerful doses for bone metastatic cancer patients gives the highest result (between 1 and 16%) [4] . Regarding Denosumab (Dmab) on a monthly dose of 120 mg, a similar high risk was reported, pointing that its discontinuation might have been associated with more rapid ONJ resolution [5] . ONJ risk increased by concomitant local and systemic factors (Table 1) . Recently, several cases by antiangiogenic and immunological drugs such as Sunitinib, Bevacizumab and Ipilimumab have been reported. The combination of Bps and this drugs result to have a really high risk. We present a case of ONJ in the course of the treatment by Denosumab and Temsirolimus.
A 47 year-old-male non-smoker, caucasian patient, submitted three years earlier to laparoscopic radical nephrectomy for clear cell adenocarcinoma of the kidney, stage Ib, grade I, came under our observation for a small lung metastasis, multiple bone metastases and a high risk profile according to Motzer's criteria [6] . It was being treated with Temsirolimus (Tems), a mammalian target of rapamycin (mTOR) inhibitor, 25 mg weekly and Denosumab (Dmab) 120 mg monthly, with calcium and vitamin D supplementation. Before starting the Dmab all the necessary dental treatments were made (extractions and dental cleaning), according to the protocol [7, 8] . After ten months of treatment, he complained jaw pain, inability to feed on, associated with inflammatory syndrome. The clinical examination highlights a bilateral osteonecrosis of the posterior mandible, grade II according to Ruggiero or grade IIa according to Bagan (Table 2 and 3). None dental predisposing factor was identified. The treatment started orally by giving him 1800 mg clindamicine three times a day, 40 mg morphine twice a day and locally 0.2% chlorhexidine rinses. Metastatic origin was excluded from the positron emission tomography negativity and therefore it was not considered to perform any biopsy. It was decided to discontinue Dmab, while Tems was continued, in view of the clinical improvement, characterized by the disappearance of the pulmonary nodule and a partial regression of the bone metastasis. One year after, the osteonecrosis of the mandible still persisted. The cone beam computed tomography showed a bilateral extension of the osteonecrosis with a bone cortical perforation ( Figure 1 ). Tems was interrupted and slowly the osteonecrosis improved. The patient was treated with Nivolumab, an anti-PD-1 monoclonal antibody. After one year of treatment, the ONJ was completely resolved and the metastatic bone disease had a partial resolution ( The ONJ physiopathology is unclear. The posterior mandible region predilection is due to its density, its poor vascularization and to the continuous masticatory stimulus. The infections are important factors although it is not clear whether the infection proceeds or follow the necrosis. However, the bacterial presence stimulates the bone resorption and it may contribute to the bone necrosis. The vital bone is mixed irregularly with unvital bone and the bone surface is colonized by bacteria or Actinomyces colonies. The reduction of the bone turnover would play an important role and this explains the association of the ONJ with the antiresorptive drugs. The bone resorption is essential for the subsequent neoformation step, wich leads to the remodelling of this tissue. However, there are other low bone turnover conditions in which the ONJ problem does not arise. The BPs could act through a reduction of the mucosal blood supply, thanks to their antiangiogenic properties. In fact, ONJ has also been associated in some patients taking anti-angiogenic drugs [9] . Some experts suggest a genetic predisposition, such as farnesyl pyrophosphate synthase and cytochrome CYP450 CYP2C8 polymorphisms [10, 11] . Dmab is a human monoclonal immunoglobulin (IgG2) that links the human receptor activator of the nuclear factor kappa-B ligand (RANKL) produced by osteoblast, preventing the activation of the RANK, receptor on the surface of the osteoclasts and the precursor cells. The reduction of the RANK-RANKL linking, consequently inhibits the osteoclasts formation, their activity and survival, besides the bone resorption is reduced and bone mass is enhanced [12] . Dmab has no anti-VEGF action. His half-life is roughly 26 days and not induce neutralising antibodies production. After administration of the first dose, the inhibition of the osteoclast activity occurs already after 6 hours, ending within 6 months after the last dose [13] . Consequently, unlike the BPs, Dmab does not accumulate at the bone level, whereby Dmab-related ONJ (DRONJ) is less intense that Bps-related ONJ (BRONJ), more rapidly reversible and it better responds to conservative treatment [14] . Tems is a Its inhibitor indicated for the high risk advanced renal cell carcinoma and relapsed or refractory mantle cell lymphoma treatment. The mTOR inhibition is the consequence of the binding of intracellular protein FKBP-12, which it follows a lower expression of D-type cyclins, c-myc and ornithine decarboxylase, regulatory proteins of the cell cycle, which results in the stop of the cell in G1 phase. It reduces also the phosphorylation of proteins (4E-BP 1 et S6K) of the PI3 kinase/AKT thus blocking cell division. However, mTOR inhibition reduces hypoxia-inducible factors (HIF-1 and HIF-2 α) and vascular endothelial growth factor (VEGF) production with tumoral angiogenesis block [15] . The mTOR pathway is also essential for both innate and adaptive immune responses. mTOR inhibition causes cell growth arrest and often immunosuppression [16] . The immunosuppressive state explains the infection susceptibility of the treated patients. Angiogenesis and ONJ have been linked in anti-angiogenic-related ONJ. Recently some cases of ONJ have been associated to bevacizumab, sunitinib and bisphosphonates [17, 18] . Nowadays, the role of VEGF in the macrophage chemotaxis and osteoclast differentiation is well known, whereby is possible that the potent antiangiogenic activity of VEGF-targeting agents may inhibits the bone turnover and the host defenses, promoting the ONJ development and its severity. Besides, it is possible that these drugs and BPs may compromise the mucosal blood supply from the adjacent bone that result in epithelial breakdown [19] . In literature, there are reports of ONJ in patients receiving Everolimus without or with concomitant BPs and combination of Tems and Bevacizumab, but ONJ by Tems and Dmab is unknown [20] [21] [22] [23] [24] . We believe that the continuous Tems treatment caused micro vascular injury and reduced bone formation leading to more predispositions to infections. This explains the ONJ persistence. It remains to be assessed on a larger series if Tems alone can cause ONJ and if its association with antiresorptive drugs may have strengthening synergism in the osteonecrosis development.
Discussion

Exposed bone with no infection and otherwise asymptomatic Stage 1
Exposed necrotic bone, symptomatic, with evidence of soft tissues infection, that it controls with conservative treatment and does not progressing Stage 2a
As a 2a, but that is not controlled by conservative treatment or progressing
Stage 2b
As in the classification by Ruggiero Stage 3 • mTOR inhibitors have antiproliferative, antiangiogenic and immunosuppressive effects.
• Temsirolimus can have a co-factor role in the development and maintenance of the DRONJ.
• First case of osteonecrosis of the jaw by denosumab and temsirolimus treatment.
• The oncologist should know the higher risk of ONJ in temsirolimus/denosumab treated patients and a close collaboration with the dental specialist, especially oral surgeon, is essential.
Learning Points:
